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FILTER CARTRIDGE FOR A FILTER ASSEMBLY 

This application is being filed as a PCT international patent application in the 
name of Donaldson Company, Inc.» a U.S. corporation (applicant for all designations 
except the U.S.). and in the names of the Stan M. Koehler, Brent A. Gulsvig, and John 
5 R. Hacker, all U.S. citizens and residents (applicants for the U.S. designation only), 
on 02 April 2002, designating all countries. 

Field of the Invention 

The present invention relates generally to filters. More particularly, the 
present invention relates to liquid filters (e.g., hydraulic fluid filters, engine oil filters 
1 0 or fuel filters) having replaceable filter elements (i.e., filter cartridges). 

Background of the Invention 

Although applicable to a number of fields, the present invention relates 
primarily to liquid filters such as hydraulic oil filters or engine oil filters. Filters have 
15 long been used to remove contaminants from oil. It is well known that, with time, oil 
filters become plugged or clogged with contaminants and are required to be replaced. 

A typical oil filter assembly includes a housing (e.g., a bowl or canister) 
containing a cylindrical filter element. The cylindrical filter element typically defines 
a central longitudinal opening in which a central core is mounted. The core provides 
20 support for preventing the filter element from collapsing inward during use. In use, 
oil is directed from a system into an annular channel defined between the housing and 
the outer surface of the filter element. Pressure from the system forces the oil &om 
the annular flow passage, through the filter element, and into the central opening of 
the filter element. From the central opening of the filter element, the filtered oil is 
25 discharged from the filter assembly. 

Disposable or "throw-away" type fluid filters are well known in the art. In this 
type of filter assembly, the filter element is permanently scaled within the housing. 
When the filter element becomes clogged with contaminants, the entire filter 
assembly is discarded and replaced with a new unit 
30 Oil filter assemblies having replaceable filter elements are also known in the 

art. Filter assemblies with replaceable filter elements are desirable because the 
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housing can be reused therd>y reducing flie amount of waste that alters the waste 
stream. Consequently, as landfill costs increase, filta assemblies having replaceable 
filter elements will become increasingly more desirable. 

Contamination is an important consideration relating to filter assemblies 

5 having replaceable filter elements. For example, prior art systems having replaceable 
filter elements can experience the accumulation of contfuninants within the reusable 
housings that cover the replaceable filter elements. If this occurs, the "clean" side of 
new filter elements inserted within the contaminated housings can immediately 
become contaminated. There is a need in the art to prevent this type of contamination 

10 from occurring. 

Snmmarv of the Invention 

One aspect of the present invention relates to a filter assonbly including a 
replaceable filter cartridge for use with a reusable filter camster. The filter cartridge 
includes a cylindrical filter media having top and bottom «ids respectively mounted 

15 within top and bottom end csqis. The bottom end includes a sidewall that 
surrounds at least a lower portion of the filter media. A contaminant containment 
chamber is defined between the sidewall and an outer ride of the filter media. A 
radial sealing element is located adjacent a top end of the sidewalL When the 
cartridge is mounted within the camster, the radial sealing element engages an inner 

20 surface of the canister to provide a circumferential seal The sidewall also includes a 
living hinge positioned below the sealing element 

In use of the filter assembly, contaminants are accumulated on the outer side 
of the filter element. Larger contaminants fell downwardly and are captured in the 
contaminant containment chamber defmed by the lower end cap. The radial scaUng 

25 element prevents contaminants fiom by-passing Ae contaminant contamment 
chamber. When the filter element is fully loaded with contaminants, the filter 
cartridge can be removed firom the canister and replaced. The living hinge facilitates 
removal of the filter cartridge from the canister by reducing firiction between the 
radial sealing element and the inner surface of the canister. 

30 A variety of advantages of the invention will be set forth in part in the 

description that follows, and in part will be apparent ftom the description, or may be 
learned by practicing the invention. It is to be understood that both the foregoing 
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general description and the following detailed description are illustrative and 
explanatoiy only and are not restrictive of the invention as claimed. 

Brief Descriptioa of the Drawings 
Figure 1 is an exploded, perspective view of a filter assembly constructed in 
5 accordance witii tiie principles of the present invention, die assembly includes a 
canista and a replaceable filter cartridge; 

Figure 2 is an assembled view of the fdter assembly of Figure 1 with tiie 
assembly being longitudinally bisected; 

Figures 3A and 3B are exploded, perspective views of the filter cartiidge of 

10 Figures I and 2; 

Figure 4 is a top view of the filter cartridge of Figures 3 A and 3B; 

Figure 5 is a cross-sectional view taken along sectional line 5-5 of Figure 4; 

Figure 6 is a top, perspective view of the bottom end cap of tiie filter cartridge 

of Figures 3A and 3B; 
15 Figure 7 is a bottom, perspective view of tiie bottom end cap of Figure 6; 

Figure 8 is bottom, plan view of the bottom end cap of Figure 6; 
Figure 9 is a cross-sectional view taken along section line 9-9 of Figure 8; 
Figure 9A is a detailed view of Figure 9 showing a living hinge defined by a 
sidewall of the bottom end cap; 
20 Figure 10 is a top, perspective view of an altonative bottom aid cap that is an 

embodiment of die present invoition; 

Figure 1 1 is a bottom, perspective view of tiie bottom end cap of Figure 10; 
Figure 12 is a top plan view of tfie bottom end cap of Figure 10", 
Figure 13 is a cross-sectional view taken along section line 13-13 of Figure 
25 12; and 

Figure 14 is a cross-sectional view taken along section line 14-14 of Figure 12. 

Detailed Description 
Reference will now be made in detail to preferred embodiments of tiie present 
invention tiiat are iUustrated in die accompanying drawings. Wherever possible, tiie 
30 same reference numbers will be used titfoughout tiie drawings to refer to die same or 
like parts. 
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Figure 1 shows an onbodiment of a filter assembly 20 conslnicted in 
acconlance wiA the principles of ttie present invention. The filter assonbly 20 
includes a reusable camsta 22 (i.e., a bowl or housing) adapted for ccmnection to a 
filter head 45 (shown in Figure 2). The filter head 45 is part of a pressurized 

5 fluid/liquid syst«n such as a fuel system, an engine lubrication system or a hydraulic 
oil system. The filter assembly 20 also includes a replaceable filter cartridge 34 that 
mounts within the canister 22. The filter cartridge 34 is adapted for filtering 
contaminants from the pressurized fluid/liquid system. 

In use, the filter assembly 20 is connected to the filter head 45, Once 

10 connected, liquid fiom the pressurized system is directed from the filter head 45 to an 
outer side of the filter cartridge 34 (see anows 200). From the outer side of the 
cartridge 34, the liquid flows through the filter cartridge 34 to an inner "clean" side of 
the filter cartridge 34 (see arrows 202). Contaminants within the liquid are 
accumulated on the outer "dirty" side of the filter cartridge 34. Filtered liquid from 

1 5 the "clean" side of the filter cartridge 34 is re-introduced into the pressurized system 
(see arrow 204). 

Referring to Figure 1, the assembly 20 also inchides a perforated core 24. As 
shown in Figure 2, the core 24 is preferably fixably mounted within the canister 22. 
For example, the core 24 can be press fit over a cylindrical mounting post 36 formed 
20 at a bottom end 32 of the canister 22 (see Figure 2). Adhesive can also be used to 
better secure the core 24 to the post 36. When assembled, as shown in Figure 2, the 
filter cartridge 34 fits over the core 24 such that the core 24 provides radial 
reinforcement to the filter cartridge 34. The radial reinfiwcement provided by the core 
24 prevents the filter cartridge 34 ftom collapsing radiaUy inwardly during use. 

25 Refeiring again to Figure 1, the filter assembly 20 fiirther includes an annular 

sealing member 26 (e.g., an O-ring) and a plug 32. The annular seaUng member 26 is 
preferably mounted adjacent a top end 28 of the canister 22 for providing a fiuid tight 
seal with the filter head 45. The drain plug 30 is preferably threaded within a drain 
plug opening 31 (shown in Fig. 2) defined by the bottom end 32 of the canister 22. 

30 The canister 22 is preferably a "spin-on" canister 22. By "spin-on", it is mean 

that the canister 22 is connected to the engine head 45 by spinning (i.c., twisting, 
turning or routing) the canister 22. For example, as shown in Figure 2, the canister 
22 includes internal threads 38 that interlock with corresponding threads 47 defined 
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by the filter head 45. The annular sealing member 26 of the canister 22 is preferably 
mounted within an annular recess 40 located directly beneath the threads 38. When 
the canister 22 is fully threaded on the filter head 45. the annular seal 26 prefisrably 
engages a cyUndrical sealing surfoce 49 of the filter head 45 to provide a fluid tight 
5 seal. StiU referring to Figure 2, the filter assembly 20 also includes an inner, annular 
sealing member 50. The famer, annular scaling member 50 is mounted within an 
annular recess 52 defmed by the filter cartridge 34. When fee canister 22 is fiiUy 
threaded on the filter head 45, a cylindrical extension 54 of the filter head 45 projects 
partially into the eiter cartridge 34. The extension 54 includes a cylindrical sealing 
1 0 surface 55 that engages the annular sealing member 50 to provide a fluid tight seal. 

Preferably, the canister 22 has a generally thin-walled construction and is 
formed fiom a metal such as aluminum, steel or other suitable material. The core 24 
is also preferably made of a material such as steel or aluminum. 

Figures 3A and 3B are exploded views of the filter cartridge 34. The filter 
1 5 cartridge 34 includes a cylindrical filter media 60 having top and bottom ends 61 and 
62 respectively mounted within top and bottom end caps 64 and 65. A potting 
material (e.g., a material having adhesive characteristics such as urethane) can be used 
to seal and secure the top and bottom ends 61 and 62 in their respective end caps 64 
and 65. The filter media 60 preferably has a pleated configuration. In certain 
20 embodiments, the filter media 60 can include a pleated paper media adapted for 
filtering liquids such as fuel, engine oil, hydraulic fluids or other liquid media. 
Exemplary types of filter media include sintered metal, cellulose, synthetic media, 
wire mesh, and glass fibers. Also, either pleated or unpleated filter media can be 
used. 

25 Referring to Figure 3B, the top end cap 64 of the filter cartridge 34 includes an 

annular channel 66 sized to receive the top end 61 of the filter media 60. The top end 
cap 64 also preferably includes a handle 68 (best shown in Figures 3 A and 4) for use 
in pulling the filter cartridge 34 fiom the canister 22 during the cartridge removal 
process. Further, the top end cap 64 preferably defines the annular recess 52 (shown 
30 in Figure 2) for mounting the annular sealing member 50. 

Refening to Figures 6 and 7, the bottom end cap 65 of Ae filter cartridge 34 
preferably includes a bottom waU 70 and a circumferential sidewaU 72 that projects 
upwardly fiom the bottom wall 70. The bottom end cap 65 is preferably made of a 
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plastic material such as glass-filled nylon. Preferably, the bottom end wall 70 and the 
sidewall 72 are integrally formed as a single unitary piece. In the depicted 
embodiment, the sidewall 72 is preferably made of a material that is impervious to 
liquids (e.g., hydraulic oil). 

5 Referring to Figure 7, the bottom wall 70 is preferably generally planar. A 

plurality of interiock members 74 project outwardly fiom the bottom side of the 
bottom wall 70. The interiock members 74 are adapted to engage corresponding 
interiock members formed in the bottom of the c^ister 22 to prevent relative rotation 
between the canister 22 and the filter cartridge 34. Further details relating to the 

1 0 interiock members 74 can be found in Application Serial No. 60/280,786 entitled, 
BOWL-CARTRTOGE FILTER HAVING INTERLOCK MECHANISM AND 
METHODS, which was filed on April 2, 2001, and which is hereby incorporated by 
reference in its entirety. 

Referring still to Figure 7, the bottom wall 70 also defines a plurality of drain 

15 openings 76. As best shown in Figure 8, each of the drain openings 76 is preferably 
elongated in a circumferential direction. The drain openings 76 are positioned near 
the side wall 72. Inner and outer sides 78 and 80 of die dram openings 76 are defined 
by arcs swung about a center 82 of the bottom end cap 62. Ends 84 of the drain 
openings 76 are preferably rounded. 

20 Referring to Figure 5, the sidewall 72 of the bottom end cap 65 preferably 

surrounds at least a lower portion of the filter media 60. Preferably, tfie sidewall 72 
has a height Hi that is relatively short ^ compared to a total height H2 of the filter 
media 60. In a preferred embodfanent, the height Hi of the sidewall 72 is less than 
one-third the height Hi of the entire filter media 60. The bottom wall 70 and the 

25 sidewall 72 of the bottom end cap 65 cooperate to form a cup-like structure. In 
certain embodiments (e.g., a filter assraibly with a 100 millimeter diameter), a 
spacing gap g of approximately 5-6 millimeters is formed between the cylindrical 
sidewall 72 and an outer side 63 of the filter media 60. A contaminant containment 
chamber 94 is defined in the region located between tfie sidewall 72 and the filter 

30 media 60. 

Referring to Figure 9, the bottom end cap 65 includes inner and outer annular 
flanges 86 and 88 that project upwardly fiom the bottom wall 70. The innw and outer 
flanges 86 and 88 cooperate to define an annular channel 90 for recdving die bottom 
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end 62 of the filter media 60 (sec Figure 5). The outer flange 88 is spaced radiaUy 
inwardly fiom the sidewall 72 of the bottom end cap 65. A ring-diaped outer filter 
media 92 is preferably mounted in the region between the outer flange 88 and the 
sidewall 72. The drain opoiings 76 defined duough the bottom wall 70 of die bottom 

5 end cap 6S are located directly beneath the outer filto- media 92. The filter media 92 
is preferably made of a material such as ^thetic fibrous mesh (e.g., Syntec® brand 
media sold Donaldson Company, Inc.). The filter media 92 is prefoably mounted so 
as to pre-filter any liquid that exits the containment chamber 94 through die drain 
openings 76. Preferably, contaminant particles (e.g., dirt, metal, etc.) having 

10 diameters greater 2 microns, or in the range of 2-50 microns, are retained in the 

chamber 94. In an alternative einbodiment, particles sized larger than .5 microns are 
captured. 

Still refeiring to Figure 9, a lower annular extension 96 preferably projects 
downwardly from die bottom wall 70 of die bottom end c^ 65. The lower annular 
15 CTtension 96 defines an inner recess 98 for mounting an annular sealing member 100 
(shown in Figure 5). As best shown in Figure 2, when die cartridge 34 is mounted 
widiin die canister 22, die annular sealing meniber 100 is adapted to provide a fluid 
tight seal widi a lower portion 103 of die mounting post 36 located at die bottom end 
32 ofdie canister 22. 

20 Referring once again to Figure 9, die sidewall 72 defines a primary outer 

diameter. An upper sealing element 102 projects radially outward fiom die side wall 
72 so as to define a secondary outer diametn. Preferably, die uppa sealing elonoit 
102 is integrally fonmed as a single, unitary piece widi die »de wall 72. Preferably, 
die upper sealing element 102 extends drcumferentially about die entire 

25 circumference of die side wall 72. As best shown in Figure 9A, an outermost surfiice 
104 of die upper sealing element 102 is generally rounded such diat die sealing 
element 102 has a generally semi-ciroular cross-section. 

Looking again to Figure 9A, a "living hinge" 106 is defined by die sidewall 72 
at a region directly below die upper sealing element 102. The tem "living hinge" will 

30 be understood to mean a hinge-like stnicture providing a region of increased 

flexibility where the sidewall is predisposed to bend or flex. For example, as shown 
in Figure 9A. die living hinge 106 is formed by a region of reduced cross-sectional 
diickness. For example, die huige 106 is shown having a radial diickness T, which is 
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less than a primaiy radial tfiidmess Tsof the sidewall 72 and is also less than a 
secondaiy radial thickness Tj of the sidewall 72. The primaiy radial thickness T2 is 
located below the living hinge 106 and the secondary radial thickness T3 is located 
above the living hinge 106. Preferably, the primaiy radial diickness Tj is greater than 
5 the secondary radial thickness T3. In one embodiment, the thickness Ti is less than or 
equal to one half the primary thickness Tj . In anotho^ non-limiting embodiment, the 
thickness T| is about .25 millimeter (mm), the thickness Tj is about 1mm and the 
thickness T3 is^ut.Smm. 

The living hinge 106 is preferably provided by a rounded notch defmed in the 
10 inner surface of the sidewall 72. The notch preferably has a generally semi-circular 
cross-section. The notch preferably extends about the entire inner circumference of 
the sidewall 72. The portion of the sidewall 72 defining the secondaiy thickness T3 
defines a circumferential inner surfece 109 that is stepped radially outwardly relative 
to a corresponding inner circumferential surfiace 108 of the portion of the sidewall 72 
1 S defining the primaiy thickness T2. 

In use, the filter cartridge 34 is mounted within the canister 22 as shown in 
Figure 2. As so mounted, the cartridge 34 fits over the core 24 and the lower annular 
sealing member 100 forms a fluid tight seal with the bottom end 32 of the canister 22. 
Also, the upper sealing element 102 of the bottom end cap 65 engages an inner 
20 suifiwe 1 10 of the canister 22 to form a radial seal flierewith. The inner surface 110 
ofthe canister 22 includes a radial taper 112 for enhancing this radial seal. Further, as 
described above, the sealing members 26 and 50 foim annular seals between the filter 
head 45 and the filter assembly 20. 

In use, oil fiom the fitter head 45 enters the filter assembly 20 through 
25 openings 1 14. From the openings 1 14. the oil flows into the region between the filter 
media 60 and the inner surfece 1 10 of the canister 22. The oU than flows radiaUy 
inwardly through the filter media 60 and also through die perforated core 24. The 
filtered oil exits die filter assembly 20 by flowing upwardly through the core 24 back 
into the filter head 45. Contaminants fittered by the filter media 60 are retained on the 
30 outer surface of die filter media 60. Heavier contaminants move downwardly into the 
contamination chamber 94 defined between the sidewall 72 of tiie bottom end cap 65. 
During filtration, die upper sealing element 102 prevents contaminants fiom 
accumulating at the bottom of die canister 22 by preventing die contaminants fiom 

8 
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migrating between the sidewall 72 and Ae inner sui£u:e of the canister 22. Instead, 
the contaminants are directed into the contaminant dumber 94. 

When the filter media 60 becomes loaded with contaminants, the canister 22 
can be unthreaded ftom the filter head 45 to provide access to die filter cartridge 34. 
5 After the canister 22 has been unthreaded, the filter cartridge 34 is pulled axially firom 
the canister 22. The living hinge 106 reduces the sealing pressure that exists between 
the upper sealing element 1 02 and the inner surfece of the canister 22. Thus, the filter 
cartridge 34 can be pulled fi-om the canister 22 with minimal resistance. 

As the filter cartridge 34 is removed fiom the canister 22, some of the 
10 unfiltered fluid within the containment chamber 94 flows downwardly through the 
annular filter 92 and is drained into the canister 22 through the drainage openings 76. 
The remainder of the unfiltered hydraulic fluid flows through the filter element 60 and 
drains into the canister 22 through a central bottom opening defined by the bottom 
end cap 65. Regardless of the flow path, the unfiltered hydraulic fluid within the 
15 annular flow contaminant containment chamber 94 is filtered prior to being drained 
into the canister 22. Consequently, only clean, filtered fluid is drained into the 
canister 22. The contaminants are fiilly contained within the chamber 94. and are 
discarded with the filter cartridge 34. In this manner, a new filter cartridge inserted 
within the canister 22 will not be contaminated by the fluid present in the canister 22. 
20 Figures 10-14 illustrate another bottom end cap 65' that is an embodiment of 

the present invention. The bottom end cap 65' includes an annular flange 88' 
surrounded by an outer side wall 72". A containment chamber 94* is defined between 
the flange 88* and the side waU 72' (see Figure 13). The containment chamber 94* is 
adapted for receiving an annular secondary filter such as filter 92 shown in Figure 9. 
25 Drain openings 76* (see Figure 1 1) are defined through the bottom of the bottom end 
cap 65' to allow fluid to drain fiom the containmoit chamber 94*. 

Referring to Figure 10, the upper side of the bottom end cap 65' defines a 
central hub or post 200 adapted to fit ihside the cylindrical filter media such as the 
filter media 60 shown in Figure 3B. Ribs 202 (shown in Figure 1 1) are provided on 
30 the under side of the hub 200 for reinforcing the hub to prevent the hub fiom 

deforming in response to pressure difBerentials. As shown in Figures 10 and 1 1, the 
bottom end cap 65* also includes intertock members 74* positioned at the side wall 72". 
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The interlodc members 74* are adapted to fit within corresponding intwlock recesses 
defined widiin a coneqMnding canister. 

Referring still to Figures 10 and 1 1, the uppermost edge of the side wall 72' 
includes a circumferential sealing element 102' having generally the same 
5 configuration as sealing elonent 102. A circumferential living hinge 1 06' is defined 
by the side wall 72' directly below the circumferential sealing element 102'. To 
further improve the fiexibility of the circumferential sealing element 102', the 
circumferential sealing element 102' preferably defines at least one relief notch 206 
for preventing the sealing element 102 from puckering or buckling when the bottom 
10 end cap 65' is inserted within its corresponding canister. In one embodiment, two of 
the relief notches 206 are defined through the sealing element 102'. Preferably, the 
two relief notches 206 are uniformly spaced about the circumference of the seaUng 
element 102' so as to be approximately 180' apart. In another embodiment, four relief 
notches can be defined through the sealing element 1 02. In this anbodiment, the 
15 rcUef notches are preferably spaced approximately 90" apart about the circumference 
of the sealing elonent 102*. 

Figure 14 shows one representative notch configuration for the relief notches 
206. In this configuration, ttie relief notch 206 includes two opposing, generally 
parallel vwlls that extend vertically downwardly firom the uppermost portion of the 
20 sealing element 102'. The vertical walk intersect with a transverse wall that 
interconnects the two vertical walls. Thus, the depicted notch has a generally 
rectangular shape. However, it wiU be appreciated that notches of other shapes could 
also be used, in one embodiment, the spacing between the opposing waUs of the 
notch is in the range of .01 to .05 inches, and the depth of the notch is in the range of 

25 .04 to .012 indies. 

The above specification, examples and data provide a complete description of 
the manu&cture and use of tiie composition of die invention. Since many 
embodiments of the invention can be made without departing fiom the spirit and 
scope of the invention, the invention resides in the claims hereinafter appended. 

30 
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WE CLAIM: 

1 . A filter cartridge comprising: 

a filter media having a top end and a bottom end; 
S a top end cap mounted at the top end of the filter media; 

a bottom end cap mounted at the bottom end of the filter media, the 
bottom end cap including a bottom wall and a side wall, the side wall extending 
upwardly fiom the bottom wall and surrounding at least a lower portion of the filter 
clement, the side wall having a top end; 
1 0 a circumferential sealing element that projects radially outwardly fiom 

the side wall at a location adjacent the top end of the side wall; and 

a circumferential living hinge defmed by the sidewall at a location 
below the circumferential sealing element. 

15 2. The filter cartridge of claim 1 , wherein the sidewall is spaced fiom an outer 
surface of the filter media such that a contaminant containment chamber is defmed 
between the sidewall and the filter media. 

3. The filter cartridge of claim 2, wherein the bottom wall defines a plurality of 
20 dram openings located beneath the contaminant containment chambo:. 

4. The filter cartridge of claim 3, fiirther comprising an outer filter element for 
filtering liquid that drains from the contaminant containment chamber through the 
drain holes. 

25 

5. The filter cartridge of claim 4, wherdn the outw filter element is annular and 
is mounted at a bottom of the contaminant contairunent chamber. 

6. The filter cartridge of claim 1 , wherein the living hinge is formed by a ring of 
30 reduced cross-sectional thickness provided at the sidewall. 

7. The filter cartridge of claim 1 , wherein tfie living hinge is defined by a 
circumferential notch defined within the sidewall. 

11 
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8. The filter cartridge of claim 7. wherein the notch has a generally semi-circular 
cross-section. 

5 9. The filter cartridge of claim 7, wherein the notch is defined in an inner surface 
ofthesidewall. 

1 0. The filter cartridge of claim 1 , fiirther comprising at least one relief notch 
defined through the sealing element. 



1 1 . The filter cartridge of claim 10, further comprising a plurality of relief notches 
defined through the sealing element. 

1 2. The filter cartridge of claim 1 1 , wherein the relief notches are uniformly 
1 S spaced about the circumference of the sealing element. 

13. The filter element of claim 1 2, wherein the relief notches include two relief 
notches spaced apart approximately 180 degrees about the circumference of the 
sealing element. 
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